Concentric lamellar bodies (CLBs), measuring about 1-5 im in diameter, have long been reported in axon terminals and preterminal axons in the central nervous system (CNS) of humans and animals under normal and pathological conditions. More than twenty years ago, Sotelo and Palay reviewed the literature and suggested that these axonal CLBs may represent a degenerative phase of cellular organelles in the axonal remodeling process contributing to neuronal plasticity (6) . However, no further studies on the nature and function of these bodies have been published, probably because only a few number of these bodies have been observed in the nervous tissues hitherto examined (6) .
A groggy rat is a new mutant strain displaying movement disorder, whose character is inherited by a single autosomal recessive gene, gr. Its behavioral character has already been reported elsewhere (9) . We have observed some histological abnormalities in the central nervous system of the adult groggy rats, such as an appearance of numerous degenerating neurons in the striatum (9) and the septum (unpublished data) from 60 days of age onward, and a transient numerical increase of axonal swellings in the cerebellar nuclei between 90 and 120 days of age (10) . However, the primary effect of the gr gene still remains unclear.
Recently, we found that the number of CLBs greatly increases in the axon terminals and preterminal axons of the cerebellar and vestibular nuclei of the groggy mutant rat from 40 days of age onward (11) . Since the cerebellar Purkinje cells are known to project their axons to both cerebellar and vestibular nuclei (3), numerous appearances of these axonal CLBs in the groggy rat have been taken to reflect an occurrence of certain abnormality in the Purkinje cells (11) .
Since acid phosphatase (ACPase) activity has been detected in the axonal CLBs (6), we previously used an enzyme histochemical method of ACPase at the light microscopic level to examine the distribution of these bodies in the C NS (11) . However, this method is only useful when the tissues prepared are fresh enough for the enzyme histochemistry. Then, we have studied a simple method to demonstrate the axonal CLBs in paraffin sections prepared from formalin-fixed materials, with the aim to detect these bodies in formalin-stored human autopsy materials.
Ubiquitin (Ub) is a low molecular weight protein that targets proteins for non-lysosomal degradation. Anti-Ub antibody has recently been used to detect axonal, neuritic and neuronal degenerative abnormalities in neuropathology (1, 2, 4) . In this study, we examined Ub immunostaining to detect the axonal CLBs in paraffin-embedded materials prepared after fixation with formalin for both brief and long period.
Male and female groggy and normal Slc : Wistar rats at 90 days of age were deeply anesthetized by ethyl ether, and killed by intracardiac perfusion with 10% formalin after blood vessels had been flushed out with physiological saline. After being removed from the skull, the brains were bisected coronally, fixed either with 10% formalin or with Bodian II solution (80% ethanol 90 cc, formalin 5 cc, acetic acid 5 cc) for 24 hr, and embedded in paraffin. Bodian II solution facilitated the sectioning of paraffin-embedded brains, with no effect on the Ub immunostainability of the axonal CLBs. These were called fresh-fixed materials. Brains of the 90-day-old groggy rats, stored in 10% formalin at room temperature for one year and three to five months, were also bisected coronally, treated with Bodian II solution for 24 hr, and embedded in paraffin. They were called formalin-stored materials. Coronal sections 8 pm thick of the cerebella were cut and mounted on albumin-coated slides.
Before immunostaining, we used the microwave open heating method to enhance immuno-stainability, which was first reported by Shi et al. (5) and modified by Suzuki et al. (7) . Briefly, deparainized slides were incubated for 30 min in a 0.3% solution of hydrogen peroxide in methanol, rehydrated through descending ethanol series to water, and placed in a beaker containing a 20% solution of zinc sulfate in water. The beaker was heated in a microwave oven (Sharp RE-M20) for 10 min, and cooled in running tap water. The slides were then rinsed in distilled water and in 0.01 M phosphate buffered slaine (PBS, pH 7.2).
To reduce nonspecific background staining in Ub immunostaining, a solution of 0.5% casein in PBS was used as a blocking agent, antibody diluent, and washing medium, according to the method described by Tacha and McKinney (8) . The sections were first treated with 0.5% casein in PBS for 30 min at room temperature, and incubated with primary antibody (mouse monoclonal antibody to Ub; Chemicon International Inc.) for 24 hr at 4°C with a dilution of 1 : 10,000 for the sections prepared from the fresh-fixed materials and 1 : 2,000 for those from the formalinstored materials.
The optimal dilutions of the primary antibody were determined by the preliminary study. The sections were then treated with a Vectastain ABC Kit for mouse IgG (Vector Lab. Inc). Between steps, the sections were rinsed three times with PBS containing 0.5% casein for 5 min. Immunoreactive sites were visualized by incubation for 10 min at room temperature with 0.05% 3,3'-diaminobenzidine tetrahydrochloride (DAB; Sigma) and 0.002% hydrogen peroxide in 0.05 M Tris-HC1 buffer (pH 7.6). After washing with PBS, the slides were rinsed with distilled water, dehydrated, cleared, and mounted with Entellan.
Staining specificity was assessed by replacing the primary antibody with nonimmune mouse IgG diluted to 1 : 200.
For electron microscopic immunocytochemistry, the 90-day-old groggy rats were killed by intracardiac perfusion with a fixative consisting of 2% paraformaldehyde, 0.25% glutaraldehyde and 8% sucrose in 0.03 M PIPES buffer (pH 7.2). Then, the brains were removed, coronally cut into 5 mm-thick blocks, and fixed with the same fixative for 2 hr at 4°C. After washing in 0.01 M phosphate buffer (pH 7.2), 40 pmthick sections were made by Cambridge vibratome. The sections containing cerebellar and vestibular nuclei were selected under binoculars, treated with PBS containing 0.5% casein for 30 min at room temperature, and incubated with the anti-Ub antibody for overnight at 4°C at a dilution of 1:1,000. Thereafter, these sections were treated with a Vectastain ABC Kit for mouse IgG, and incubated with 0.05% DAB in Tris-HC1 buffer for 30 min, then in a mixture of 0.05% DAB and 0.002% hydrogen peroxide in Tris-HC1 buffer for 5 min. After rinsing with PBS and 0.1 M cacodylate buffer (pH 7.2), they were post-fixed with a mixture of 1 % osmic acid and 1.5% potassium ferricyanide in 0.1 M cacodylate buffer for 1 hr at 4°C, and embedded in Quetol 812. Thin sections were observed by a JEOL JEM 100B electron microscope after staining with lead nitrate.
In the paraffin sections prepared from the freshfixed materials, numerous Ub-positive particulate structures were found in the neuropil of three (lateral, interposed, medial) cerebellar nuclei ( Fig. la-c) . Sometimes those attaching on the surface of the neurons were observed, but none were present in the neuronal cytoplasm (Inset in Fig. lc) . Although fewer than in the cerebellar nuclei, structures of this kind were also numerous in the neuropil of the superior, lateral and spinal vestibular nuclei (Figs. ldf ). In the medial vestibular nucleus, however, only a few were encountered (Fig. lg) . Such distribution patterns of the Ub-positive particulate structures were found to be identical in the ACPase-positive particulate structures (11) . Using electon microscopy the Ub-positive particulate structures were confined to the CLBs in axon terminals (Fig. 2) .
No specific staining was identified in any of the FIGS. 1 a-g. Light micrographs of immunohistochemical localization of ubiquitin in cerebellar and vestibular nuclei of 90-day-old groggy rat. Numerous immunoreactive particulate structures (arrows) are distributed in the neuropil of lateral (Fig. la) , interposed (Fig. lb) and medial ( Fig. lc) cerebellar nuclei. Though fewer than in the cerebellar nuclei, many of the same structures (arrows) are found in the neuropil of superior (Fig. id) , lateral (Fig. l e) and spinal ( Fig. if) vestibular nuclei; only a few are present in a medial vestibular nucleus (Fig. 1g) . Some immunoreactive structures attach on the surface of the neurons, but none are present in the neuronal cytoplasm (Inset in Fig, lc) . control sections treated with the non-immune mouse serum (data not shown).
In the paraffin sections of the formalin-stored materials, the number of Ub-positive particulate structures decreased somewhat in the cerebellar and vestibular nuclei. Then, these structures were counted in the 0.25 mm2 areas of the right-hand lateral cerebellar nuclei of fresh-fixed and formalin-stored materials. In the fresh-fixed materials, the mean number of Ub-positive particulate structures was about 100-fold larger in groggy rat than in Slc : Wistar rat (Table 1 ). In the formalin-stored materials from the groggy rat, the mean number of the Ub-positive particulate structures was reduced to about one-third that in the fresh-fixed materials (Table 1 ). Investigators must remember this when attempting to detect axonal CLBs by Ub immunostaining in paraffin sections prepared from materials stored for some time in 10% formalin (e.g., human and animal autopsy materials).
